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The origin of the high-energy emission of blazars is still a matter of debate. To investigate the 
emission mechanism of extragalactic outflows and to pin down the location of the emission, we 
have constructed a broadband spectral energy distribution (SED) database covering from the ra- 
dio to the gamma-ray band for the complete MOJAVE sample, which consists of 135 relativisti- 
cally beamed AGN with well-studied parsec-scale jets. Typically, the broadband SEDs of blazars 
shows a double-humped profile. It is believed that the lower-energy hump is due to synchrotron 
emission from the radio jet, and the higher-energy hump is generated by i) inverse-Compton up- 
scattered seed photons (leptonic), ii) proton-induced shower (hadronic). Combining the results of 
high-resolution VLBI observations and the y-ray properties of the MOJAVE sources, we attempt 
to reveal the origin of the high-energy emission in relativistic jets, and search for correlations 
between VLBI and high-energy properties. 
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1. Introduction 

Active Galactic Nuclei (AGN) are among the most energetic objects in the Universe. AGN 
dominate the extragalactic high-energy sky, and are very active at all wavelengths from radio to 
y-rays. According to the unified model of AGN, it is believed that a super massive black hole is 
located in the center of host galaxy, and it fuels the whole system with matter accreted around 
the central engine. In the radio-loud scheme, an energetic jet is launched in the vicinity of the 
central engine following the warped magnetic field from the pole direction of the accretion disk. 
Blazars 1 are AGN whose jets are pointing toward us, and dominate the radio and the high-energy 
sky. After the beginning of operations of the Large Area Telescope (LAT) on-board the Fermi 
y-ray Space telescope in mid 2008, Fermi/LAI detected 709 AGN in the first 11 months, and 
85% of them being blazars M\. The high-energy emission location in blazar systems is not yet 
well-understood. By using the very long baseline interferometry (VLBI) technique, we are able 
to resolve jet structure and trace component ejection at milli-arcsecond scales Combining the 
VLBI with the high-energy observatories (e.g., Fermi/LAI), we might be able to probe the location 
of the high-energy emission. 

The Monitoring Of Jets in Active Galactic Nuclei with VLBA Experiments (MOJAVE) pro- 
gram has been monitoring a radio-selected sample since the mid 1990s. The sample contains 
mostly blazars due to the selection criteria 2 used [Qj. In the Fermi one-year AGN catalog 63% 
of the MOJAVE sources were detected. It was found that the LAT-detected MOJAVE sources have 
higher brightness temperature and higher Doppler-boosting factors than the non-detected ones [§], 
and the authors suggested that the parsec-scale radio core is likely to be the location of the radio 
and the y-ray flares. It was also reported that the y-ray bright quasars have faster jets 

In order to investigate the relation between the parsec-scale jets and high-energy emission, we 
are studying the broadband spectral energy distribution (SED) from the radio to the y-ray of the 
MOJAVE sample. By comparing the SED properties of the statistical-complete MOJAVE sources 
with the VLBI parameters, we want to further understand the physical mechanisms ongoing in 
blazar jets. 

2. The Project 

We constructed the broadband SED catalog of the complete sample of 135 MOJAVE sources 
using simultaneous observations from the radio to the y-ray band [0,[l^]. In the radio band, we use: 
i) data with the 26-meter radio telescope at the University of Michigan Radio Astronomy Obser- 
vatory (UMRAO) [§, Hi; ii) data obtained with the Fermi-GST AGN Multi-frequency Monitoring 
Alliance (FGAMMA) program with the Effelsberg 100-m telescope, the IRAM/Pico Veleta 30-m 
telescope, and the APEX 12-m telescope. In the optical band, we use the Swift UV-Optical Tele- 
scope (UVOT) observations. In the X-ray band, we use the Swift X-ray Telescope (XRT) and the 
Burst Alert Telescope (BAT) results. In the y-ray band, we use the Fermi/LAI one-year catalog 
results for the 85 sources which were detected in the catalog [Q]. For the remaining 50 sources, we 
used the upper-limits of Fermi/LAI to be published in Bock et al. (in prep.). We also included the 

'Usually, we use the term blazar to refer to BL Lac objects and flat spectrum radio quasars (FSRQ). 
2 (1) J2000.0 declination< -20°; (2) galactic latitude lbl<2.5°; (3) 15GHz VLBI flux density>1.5 Jy. 
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historical data from the NASA/IPAC Extragalactic Database 3 , which, among others, include data 
with the EGRET 4 onboard CGRO 5 . For details of data acquisition, see Chang et al. [@, |fij]. 

In order to model the SEDs, we applied 2^1 degree polynomial fits to the two humps of the 
SED for each MOJAVE source as a first approach, and derived the peak values in the frequency 
and in the energy domain. 

3. Results 

Figure | shows the broadband SED of the MOJAVE source 1546+027. The frequency cover- 
age of the SED is reasonably good, see also Chang (2010) for details [l(J. As shown in Figure 
H| two second-order polynomial fits describe the double-humped SED reasonably good. From the 
fits, we estimated the peak values of the lower-energy and the higher-energy hump for most of the 
sources. Vp°^, vA, v Fv^™ k , VFv J^, except for few sources with poorer frequency coverage at 
the higher energy range. We study the distributions and correlations of the four SED parameters 
for the different classes of AGN in our sample: quasars, BL Lac Objects, and radio galaxies. We 
found that the distribution of v p °™ k locates at a similar range for three classes of AGN. However, 
the ranges of the distribution of V^j£ differ: (1) the quasars occupy a much wider range compared 
to the other two categories, as well as compared to the distribution of Vp° w k for quasars; (2) the BL 
Lac objects occupy higher range of Vp°^ than the radio galaxies. While investigating the relations 
between apparent speed j8 app and vl^, we found that there is no source with high apparent speed 
having low values of V^, which might suggest a relationship between the two parameters. 

4. Future Work 

The broadband SED catalog of the MOJAVE sample has been constructed JTo|]. Currently, we 
are studying the distributions of the SED parameters, as well as the correlations with respect to the 
radio (VLBI), optical, X-ray, and y-ray properties. Present physical SED models can describe the 
higher energy range well, however, the fitting results are not satisfactory in the radio band. The 
aims of our correlation studies are to understand the nature of blazar emissions, and also to find out 
possible linked parameters, which will help to improve blazar SED models. The physical models 
are essential to understand the local conditions of blazar jets, such as magnetic field intensity, jet 
composition, bulk flow, etc. The results of the correlation study will be presented in a forthcoming 
publication (Chang et al. in prep.). 
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Figure 1: The broadband SED of the MOJAVE source 1546+027. 
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